Abstract
Introduction

35
Fungi are an ecologically and functionally diverse kingdom of eukaryotic organisms that have 36 evolved a wide array of mutualists (e.g. lichens, mycorrhizal fungi, endophytic fungi), parasites 37 and saprotrophs. Fungal communities have been shown to be both large and highly diverse in important mediators of energy and nutrient transfer to higher trophic levels (Kuehn, 2016) .
44
Freshwater fungi are a taxonomically and morphologically diverse group found in various 45 aquatic habitats including lakes, ponds, rivers, streams, sediments, submerged substrata, 
51
Freshwater ecosystems have traditionally been subdivided into lentic (standing waters: lakes, 52 ponds, wetlands) and lotic (running waters: streams, rivers). In contrast to well-studied lotic has identified a large number of unknown fungal lineages (Ishida et al., 2015) . Lakes, the biggest 57 introduced into lakes in the form of spores and fragments of mycelia via inflowing streams, 81 rainwater, wind and soil particles (Voronin, 2014) . However, it is often unclear whether such 82 fungi are terrestrial or truly aquatic (Wurzbacher et al., 2010) . In most cases, the minimal 83 abundance of the spores of the terrestrial fungi is in the middle water layer and the maximal is 84 near the bottom, where fungal propagules accumulate during sedimentation (Voronin, 2014) . 
92
In this study, we aimed to investigate the diversity and abundance of freshwater fungi in the 93 epilimnion of 77 ultra-oligotrophic to mesotrophic boreal lakes ( showed that phytoplankton metacommunities integrated richness of local communities across 102 environmental gradients on a scale between 100 and 400 km. However, the Scandinavian 103 diversity gradient is complex and not fully resolved as it coincides both with major changes in 104 landscape productivity, altitude and soil depth, as well as the main dispersal routes for freshwater 105 organisms after the glacial retreat (Khomich et al., in press ). Recurring glaciations in boreal areas 106 can be considered an important, though neglected, historical climatic factor influencing biota 107 (Soininen, 2012) . Lakes for our study were carefully selected to be as similar as possible with 108 respect to properties other than longitudinal position and local productivity (Table S1 ). Our productivity that is less affected by local pollution than TP (Ryder, 1982) . It is important to take 148 into account that not all predictor variables are completely independent (Thrane et al., 2014) .
149
Pearson correlation coefficients for the relationship between TOC and TP was 0.61, and for TP 150 and conductivity was 0.54 (P < 0.00001; all variables log transformed) (Fig. S1 , Table S1 ). 
Statistical analyses
216
To minimize the effect of abundance measure inconsistencies, community composition analyses
217
were conducted on presence/absence data using Jaccard's dissimilarity index (function vegdist in 
222
Ordinations by non-metric multidimensional scaling (NMDS) (Minchin, 1987) were used to 223 describe patterns of variation in fungal OTU composition along the longitudinal gradient.
224
Similarity of NMDS ordinations with two (k = 2) and three (k = 3) dimensions was evaluated by Euclidean distance) by partialing out the effect of space (longitude, latitude and altitude) was 248 done.
249
The aquatic fungal communities were split into core (abundant) and transient (occasional or rare)
250
OTUs based on the position of each OTU within the log-normal species abundance distribution 251 (SAD) using persistence-abundance plots as described in Kostovcik et al. (2015) . Table S3 316 (NCBI/UNITE assignment) and Appendix 1 (RDP Naïve Bayesian Classifier).
318
Ecology of aquatic fungi
319
The fungi detected in this study included both presumed resident and transient components of Tremellales were quantitatively more abundant than expected, whereas Pleosporales, Agaricales,
333
Malasseziales, Polyporales and Sporidiobolales had a large number of relatively low-abundance 334 OTUs (Fig. 3C ).
335
In order to investigate the richness effect on β-diversity in NMDS analyses, we compared several 336 dissimilarity indices (i.e. Bray-Curtis, Jaccard, Gower and Raup-Crick) on eight subsets of sites 337 (Fig. S4) . Jaccard, Raup-Crick and Bray-Curtis dissimilarity indices produced very similar 338 results, with Gower being the least robust metrics. Since NMDS axes for two and three Table S4 ). 
406
The most abundant OTUs were taxonomically assigned to Chytridiomycota (Fig. 3A and 3B ), 
473
Yeast-like forms detected in our study belonged to the basidiomycetous orders Tremellales, depth for fungal taxa, and as a result, the full diversity of the aquatic fungal communities was not 550 recovered in this study (see Fig.2 ).
551
The high proportion of unidentified sequences in our data set may reflect poor ITS database 552 coverage, as some of the taxa that were expected to be dominant (Chytridiomycota and by minimizing the AIC of a log-normal rank-abundance fit to the core group. C) Top 10 most abundant fungal orders. 
